Abstract: Cassava has been identified as Africa's second most important staple food after maize, in terms of calories consumed, with Nigeria as the World leading producer. This study estimated postharvest loss of cassava along the cassava value chain in Kwara State. It estimated the size of postharvest loss of cassava; analysed the factors responsible and the financial implications of loss; and identified the strategies employed in the mitigation of loss in the study area. A threestage random sampling technique was used to select 117 cassava farmers whom were administered structured questionnaire to elicit data analysed by the study. Descriptive statistics, Shannon's diversity index and Tobit regression model were the analytical techniques utilised. The results show that 68 % of the loss occurred at the harvesting. The loss was estimated to be about 3.8 t ha −1 . The financial implication was valued at $ 300 ha −1 . Analysis of the factors responsible for cassava postharvest loss showed that the quantity expected at harvesting, household size and age of the farmer were significant factors affecting cassava postharvest loss. The result also revealed that farmers mitigate these losses by processing the roots and reburying unused roots into the soil. Steps needed to reduce loss have to take these factors into consideration to improve the economic status of cassava farmers-processors.
INTRODUCTION
Cassava (Manihot esculenta Crantz.) is a member of the family of Euphorbiaceae, and is one of the oldest cultivated crops by human beings although the early history of cassava is still a mystery (Gulick et al., 1983) . It was reported that cassava has been cultivated in northern Amazonia more than 1000 years ago (Jones, 1959) until some years back when it was postulated that cassava is likely to be originated from wild M. esculenta populations along the southern region of the Amazon basin (Olsen et al., 2001) . Portuguese explorers introduced cassava to Africa during the 16th and 17th centuries through their trade with the African coasts and nearby islands. Africans then spread cassava further, and it is now found in almost all parts of tropical Africa. Today Nigeria and Democratic Resepublic of Congo are the largest producers of cassava in Africa alongside Brazil in the South America and Carribeans and Thailand in Asia (Department of Agriculture, Forestry and Fisheries, South Africa, 2010) . Figure 1 shows the world production of cassava and the revenue generated from the sale of the commodity in dollars.
Cassava (M. esculenta) is Africa's second most important staple, after maize, in terms of calories consumed, with Nigeria as the world leading producer (Nweke, 2004) . This is as a result of cassava's combined abilities to produce high yields under poor conditions and store its harvestable portion underground until when needed and this had made it a classic "food security crop" (Nweke, 2003) . Its importance as a food crop in Africa can be clearly seen when consumption data from Africa is compared with other cassava growing regions of the world, majorly the Latin Americas. Cassava is very important in the diet of an average Nigerian. It has comparative production advantage over other staples; as a result this serves to encourage its cultivation even by the resource-poor farmers. Studies on cassava has shown that it accounts for about 70 % of the total calorie intake of more than half of Nigerians (Nweke and Enete, 1999) with its starchy roots producing more food energy per unit of land than any other staple crop in the country (de Figueroa et al., 2001) .
However, despite cassava being a major constituent of the diet and also major source of income to farmers in Nigeria as a whole and specifically Kwara state, economically, it represents a wasted investment that can reduce farmers' incomes and increase consumers' expenses (Lipinski et al., 2013) . Although, the level of the impact of the postharvest loss of this crop has not yet been seen from literatures, neither is the part it plays in attaining food security known. It is equally important to note that, even with our status as the leading producer of cassava in the world, we are still behind Thailand in the exportation of cassava products, and we still import some by-products of cassava processing such as industrial starch. Moreover, environmentally, postharvest loss inflict a host of impacts, including unnecessary greenhouse gas emissions and inefficiently used water and land, which in turn can lead to diminished natural ecosystems and the services they provide (Lipinski et al., 2013) .
Considering the fact that, despite the prevalence of post-harvest food loss in Nigeria, there are limited studies quantifying the losses of roots and tubers, especially cassava, in Nigeria. There is therefore a need for this study on the post-harvest loss of cassava as a major constituent of Nigerian diet. Thus, the knowledge of the level and extents of postharvest losses of cassava along the cassava supply chain and their major effects would be necessary, as it would provide policy makers with the required findings to enact and implement policies needed to prevent/or mitigate these losses, and as such ensure victory in the war against food insecurity in Kwara state specifically, and global warming, in general.
In the light of the foregoing, the study was carried out to estimate the size/index of postharvest loss of cassava along the supply chain in the study area, analyse factors responsible for the postharvest losses of cassava along the supply chain, analyse the financial cost implication(s) of postharvest losses in the study area and examine the strategies employed in the mitigation of postharvest losses in the study area.
MATERIALS AND METHODS
The study was carried out in Kwara State whose capital is Ilorin. Kwara State of Nigeria was created on the 27 th of May, 1967 along with 11 other states of the federation. The state was originally called west central state, having been carved out of the defunct northern Nigeria. At the time of creation, the state had a landmass of but this has reduced to following the boundary adjustments that accompanied excision of a segment of its eastern part to Benue State in 1976 and 6 local government areas to the present Kogi State and Niger State in 1991. However, recent survey shows that the state has a total land area of about which is about 3.5 of the total land area of the country, which is put at (KWSG, 2006 The study was carried out in 2014 and a threestage random sampling technique was used to select the sample farmers for the study. In the first stage, one (1) out of the four (4) agricultural zones in Kwara State was selected at random, while ten (10) villages were randomly selected from the list of villages in the selected zone in the second stage. The final stage involved the random selection of twelve (12) cassava farmers from each of these villages, only the data of one hundred and seventeen (117) farmers were used for further analysis.
Primary data were collected through the use of structured questionnaire in an interview schedule method. Information was collected on the socio-economic characteristics of the farmers in the study area such as age, gender, education, farm size, etc. Also, information was collected on quantities of cassava harvested and processed, losses incurred along the supply chain, amongst others. Data collected were analyzed using descriptive statistics, Shannon's diversity index and Tobit regression model based on the objectives of the study.
The Shannon's Diversity Index, H was applied to measure the spread of the postharvest loss across the cassava value chain i.e. harvesting, processing and marketing. The index of postharvest losses was obtained from the formula: The tobit regression model is a statistical model which describes the relationship between a non-negative dependent variable and an independent variable and supposes that there is a latent (observable) variable. The observable variable is defined to be equal to the latent variable whenever the latent variable is above zero (but not more than 1) and zero otherwise. This model was used in the determination of the latent variable due to the presence of a maximum amount of losses that can be accommodated, beyond which the postharvest losses become unacceptable.
The econometric model for the tobit regression is implicitly stated as: yi* = βx1 + βx2 + βx3 + βx4 + βx5 + βx6 + βx7 + e yi* = percentage loss as a proportion of expected output (0 yi* 1) β = coefficient to be estimated x1 = age of respondents (years) x2 = household size x3 = quantity expected at harvesting (kg) x4 = use of unsold roots x5 = causes of loss x6 = measures to control loss x7 = processed outputs e = error term Limitations This study used recall process to elicit the losses across the different aspects of the value chain due to the poor record keeping characteristics of the farmers. Therefore, it is important to factor that in the interpretation of the result of the study.
RESULTS AND DISCUSSIONS
The results in table 2 show the socioeconomic characteristics of cassava farmers in the study area. It can be deduced from the table that 66.7 % of the respondents were male and 33.3 % female. The male dominance of cassava production as well as processing as against processing alone, which is female dominated (Ezedinma et al., 2007 and Muhammad-Lawal et al., 2013) could be majorly attributed to the combination of the cassava production and processing stages. The table further revealed that more than 60 % of the respondents are more than 35 years but not older than 55 years of age and majority of the farmers are married and have at least a year of formal education. Also, it can be obtained from the table that the modal years of farming experience of the farmers was between 15 and 24 years while the modal annual income falls between N25,001 and N181,000.
Estimation of the size of cassava post-harvest loss shows that the average postharvest loss of cassava per hectare of farmland under cassava cultivation in the study area was 3.80 t ha −1 .
Average postharvest loss per hectare = total amount ofpostharvest loss ofcassava total land under cassava cultivation = 752.040 t = 3.80 t ha −1 197.9 ha It can be deduced from table 1 that, the size of cassava postharvest loss is 752,040 kg which when expressed in percentage of total quantity expected is 33.34 %. The chain of highest loss is at harvesting which accounts for about 68 % of the total loss, followed by the loss at processing, 22 % and then loss at marketing, 10 %.The loss across the value chain is not uniformly distributed as revealed by a relatively low H-value. The intensity of the loss at harvesting stage, being the highest, is in line with the report of Bokanga (1999) where he stated that postharvest loss of cassava is the highest at harvesting in dry season due to hardness of the soil which results in heavy breakage of the roots. This further confirms the findings of Jaspreet et al. (2013) which postulates that food losses occur majorly at the field-market stage.
Tobit regression model was used to model the factors responsible for cassava postharvest loss. It was assumed that the losses beyond a threshold is regarded as postharvest loss. Ten percent was the threshold used in this study. Table 3 shows the Tobit regression result of the factors responsible for cassava postharvest loss. The result shows that the quantity expected at harvest, household size and age of the farmers are the significant factors that determine cassava postharvest loss in the study area at 5 % level of significance. It can be deduced from the table that both the quantity expected at harvest and household size positively affects the postharvest loss of cassava. This implies the higher the quantity of cassava expected at harvesting, the more the margin of postharvest loss all things being equal. This is in conformity with the finding of Atanda et al. (2011) that postharvest loss could result when there is a bumper harvest which could overload the post-harvest handling system or exceed the consumption need and cause excessive wastage.
In a similar way, the household size was found to have a positive significant effect on cassava postharvest loss at 5 % level of significance. This implies the larger the household size of cassava farmers, the higher the percentage of cassava postharvest loss in the study area, leaving all other factors constant. Also found to significantly affect the level of cassava postharvest loss in the study area at 5 % level was the age of cassava farmers but with a negative relationship. From Table 3 , one can infer that a one year increase in the age of respondent would result in 0.33 % reduction in postharvest loss. This is true especially when the increase in age comes with more farming-processing experience and large household size. The experience, in turn, results in improved harvesting-processing practices; experience is also known to have positive effect on processors' managerial capacity, technical know-how, and adoption of extension packages (Achem and Akangbe, 2011). All these lead to a reduced level of postharvest losses. However, the remaining factors modeled were found to be insignificant to the level of cassava postharvest loss in the study area. The analysis carried out to examine the economic cost implication of the cassava postharvest loss shows cost implication is $300/ha as shown below:
Cost of 1tonne of cassava = $78.94 t −1 Average postharvest loss = 3.80 t ha −1 Therefore, Cost of postharvest loss = N 15,000.00 t −1 × 3.80 t ha −1 = $300 ha −1 Based on the work of Abduraheem and Toluwase (2013), cassava farmers earn N 68,662.50 per hectare; the postharvest loss is about 83.0 % of the income earned on a hectare. Table 4 shows the relative percentages of the respondents that practice each postharvest control measures. The respondents utilize a combination of the postharvest loss control measures as this could imply that the use of just one of the above could be insufficient for the control of the loss. It can be deduced from the table that, the most widely used measure by cassava farmers in the study area was harvesting the roots when required while the least used measure was use of agrochemicals. This implies that majority of the cassava farmers in the study area prefer to harvest the roots as at when required to mitigate the potential postharvest loss associated with cassava. This may be attributed to the fact that harvesting of roots when required will give no room for excesses as the desired quantity will be harvested and all possible efforts will be put in place to make sure any postharvest loss is kept at barest minimum.
CONCLUSION AND RECOMMENDA-TIONS
The study has shown that the size of the cassava postharvest loss of Kwara state is very high and concrete steps have to be taken in order to reduce this loss so as to improve upon the economic status of cassava farmers-processors. The concentration of losses at the harvesting stage calls for concern as there is the need for improved methods of mechanizing the harvesting process to reduce the losses at harvesting. Hence, reducing the losses at harvesting by a great percentage would imply a great reduction of the loss across the value chain. The factor responsible for postharvest loss like expected output (losses increase with increase in expected output) foretells a need to improve postharvest technology as this implies there are no adequate facilities to contain the excesses that may be harvested. From the result of the analysis of the study, the economic cost of the loss is $300 ha −1 , which if mitigated and reinvested into the economy would add a required impetus to boost farmers' income and other agribusiness concern and encourage farmers for better productivity. Also, it can be deduced from the findings of the study that the methods of cassava postharvest loss mitigation adopted by farmers are not adequate enough as there are still quite a number of losses at harvesting. Hence, there should be improvements in existing methods of mitigating losses.
The study therefore recommends that should be increased study on the alternative uses of cassava roots (e.g. ethanol production) in order to reduce the already choked garri, flour and starch market and also, concerns on losses at harvesting and methods of mitigating such losses should hold central point in economic policy development and researches. Also, reasonable policies should be implemented to help the farmers reduce the losses, especially by enforcing the use of cassava flour in confectionaries across the nation. This would ensure the optimal use of cassava, hence reducing its postharvest losses. 
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